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the ~timber used in shipbuilding. The manner in which he proceeds to 
carbonize the timbers, and the secret which he retains for his own 
profit, is by employing inflammable gas, which is applied to the tim- 
ber in the same manner as water is directed against a house on fire. 
I t  is said that the experiment made at Cherbourg in presence of M. 
Sochet, director of naval constructions, was completely successful. 
One essential advantage of the plan is t h e  absence of all danger, 
which is a chief point in an arsenal. I t  is estimated that the expense 
will not exceed ]0c. the square yard--gas  and labor included. It  has 
been further ascertained that one workman can easily carbonize 40 
square yards during a day's work of 10 hours. Finally, the carboniza- 
tion is uniform, and it does not exceed a quarter of a millimetre in 
thickness. I t  is expected that so simple and so cheap a process will 
be generally adopted in shipbuilding.--Times. 

[A method of charring and preserving timber by high pressure 
steam, if we recollect it correctly, was mentioned in this tIerapath's 
_Railway Journal, the invention of a Frenchman or foreigner, many 
years ago.~ED. H. 1~. J.] 

For the Journal of the Franklin Institute. 

lPaTers on H2/draulic ,E~gineeringl :By SAMUEL ~'cELRoY~ C. E. 
(Continued from vol. xliii, page 36~i.) 

:No. 1.--RESEaV0IR CoNsTROCrlO•--(Contlnued). 

The general theory of embankment reservoir construction presented, 
involves a certain chain of details, each connected with, and to a cer- 
tain extent dependent on, the other. The basis of the structure, on 
which the superincumbent weight is placed, must be firm, the banks 
must be built so as to guard against settlements and slides, the pud- 
dlings must be compact and solid, or the slope walls and top angles 
will lose their lines of symmetry, and to some extent their usefulness. 

This brings us to a theory which does not seem to be as fully ad- 
mitted and promulgated as is desirable, viz : that correct engineering 
science ought to be able, so to erect and join together, these several 
links of the chain, that the proper result may be obtained as a rule, 
bringing "failures within the class of exceptions. In other words, that 
as to this special department of construction, as in others contingent 
on the same law of design and execution, engineering ought to take 
rank as a profession endowed with control of exact results, and not 
as a calling, which naturally disclaims infallibility. Without denying 
then the argument, that each distinct construction is subject to local 
peculiarities of material, ~'e assert the doctrine, that the workmanship 
should overrule and insure their proper combination. To build any 
engineering structure with an implied reservation for defects in its 
progress or use, is a custom to be distinctly condemned. While we do 
not therefore propose here to give any rules for universal application, 
some allusion to methods which have secured satisfactory results, will 
illustrate in a brief way some of the links in this chain of ¢onstruction~ 
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as applied to embankment reservoirs with artificial slopes, and with- 
out regard to mathematical questions of stability in form. 

Earth-zvo@.--It rarely happens that a reservoir is so located as to 
require an embanked base for the whole structure ; there is a case at 
Cleveland, and it certainly requires great care in formation, although 
a uniform settlement after the water is introduced, may obviate any 
injurious effects, realized when such settlement is not uniform. Here 
the general rules for the embankment walls also apply, which may be 
thus stated : -  

All vegetable soil should be carefully removed from the proposed 
base of tile embankment, nor should the foot of a slope be carried over 
spongy and compressible material. 

Where work is partly in embankment and partly in excavation, it 
is best to build the heaviest banks first, so as to give them time for 
their additional settlement. 

The section of the bank should be carried up entire, and not bisect- 
ed by walls or pyramids of other material. 

:For tile outer slope inclination, the sharpness in rate may be varied 
with clay, gravel, and sand in their order, flat slopes being relatively 
objectionable. 

For the outer slope there are some advantages in the use of sod- 
ding, but seeding properly done will answer the purposes of protection 
from wash, &e. 

The top should have a drip from the inner angle towards the outer, 
and the former should be protected by coping; for the otjaer, the sod 
line should be returned on the top from the slope. 

:No banks should be built with a heavy dump, but in thin, level 
layers, somewhat modified in thickness to suit the material. :For gra- 
velly earth, about nine inches, less for clay, more for sand. Unless 
the " l e a d "  is so great as to require the use of teams, carts are better 
for consolidating the layers. Water is objectionable for clay, of no use 
for gravel, though beneficial for sand. Rollers are also objectionable 
for both the former. In a case of a gravel embankment partly con- 
structed with the use of water and rollers, I have found distinct water 
seams formed between each layer, which would operate badly under a 
reservoir head. In a case at Ridgewood Reservoir, where it was neces- 
sary in the winter to cut through part of an artificial bank, and to use 
gunpowder in blasting on account of its solidity, the smoke was ob- 
served to follow these seams for several feet on each side of the cut. 

In side and end filling on slopes, benches should be cut. All slopes 
should be crowded or over-filled, so as to trim down to form, when the 
face is to be finished for protection from the weather, and thus obviate 
the effects of wash. 

No slope lining should be built on the inner slopes until experiment 
has shown that their settlement is complete, a result which can be de- 
termined with proper care. 

The inner slopes must be protected from contact with the reservoir 
contents, by water-tight facing. 

Walls of masonry, as far as possible, should not be connected with 
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the banks, until the latter have come to their bearing ; and water pipes 
leading from them should be protected by arches, ()r otherwise, fi'om 
the effects of settlement by their back-fill. 

These are some of the prominent processes in construction which 
insure stability. 

Questions of stability are so fully guarded by tile ordinary condi- 
tions of section, which is controlled by convenience of top bank width 
and slope angle, as to need no discussion. The principal defects are 
settlements after final construction of slope walls, slides, and leakage, 
and tbese may be obviated ou smaller sections than convenience and 
effect suggest. For the enormous thrust of the water prism, the coun- 
teracting weight of the section is modific&by its form and its material, 
sand, gravel, and clay having relative weights per cubic foot of 95, 
124, and 165 pounds, as compared with water at its maximum weight 
of 62.382* pounds, and being therefore largely iu excess. 

.Puddlisg.--A mixture of clay and gravelly earth is better than 
pure clay. What is known as "hard-pan " is a specimen of natural 
puddling. At Ridgewood, in making 82,150 yards, 44,000 of clay 
and 51,500 of gravel were used, the shrinkage being about 14 per cent. 
The materials were carted or wheeled on in thin alternate layers, to 
aa aggregate depth which would work down to about 8 ins. for each 
general layer, gangs of men being employed in spading and mixing 
them. As little water was used as possible, to prevent the effect of 
subsequent shrinkage by evaporation. Some engineers make their 
puddling entirely dry, preferring material which will work close, and 
their theory is undoubtedly correct, as to the prevention of settlement 
and fissures. But gravel is always an improvement in mixture, and ia 
certain forms of puddle walls, they may be more advantageously work- 
ed with a limited use of water. The object is to obtain a compact~ im- 
pervious, homogeneous mass, not only to prevent filtration, but to dis- 
tribute weight uniformly over the sustaining slope or bottom earth- 
work. 

It'is a difficult matter to make puddling tight at the joints, when 
connected with other materials, and frequent breaks in the joint sur- 
face are therefore advisable ; nor is it easy to make a water joint on 
wood, in connecting with sheet piling or flooring. On division banks, 
at gate-houses, the masonry backing should be built with buttresses~ 
and the faces left rough, to take the puddle walls, and prevent con- 
tinuous threads of water under pressure. 

Slope puddling is to be preferred to vertical, inner, bank walls, on 
the ground of economy in material, ease of access, prevention of bank 
saturation and its results,, facility of construction, preservation of 
bank-section, and distribution of pressure ; and in all cases, it should 
be connected with the bottom puddling, the latter (or its equivalent) 
being assumed indispensable. It will be found, in laying it, that some 
compression of the bank face occurs, though not large, which should 
be accomplished before the cement masonry is built. 

* I n s t e a d  of 62-5~ as c o m m o n l y  a s sumed .  
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Conerete.--This ,  as lining, may be made. to serve two importan'~ 
purposes: one, in being carried up with tile slope puddling, as a pro- 
teetion to its face from wash, while coming to its bearings; and ano- 
ther, as an additional means of tightness, and a break line of surface, 
*o the courses of face masonry, whether of brick or stone. It  may be 
made in a thin layer, and should be carefully prepared with fresh hy- 
draulic cement mortar. 

In the use of concrete for the various purposes to which it is admi- 
rably adapted, it is sometimes forgotten timt it is only, after all, an 
improvement on ordinary masonry in convenience of application, and 
as to its proportion of cement mortar, ought to be governed by the 
same rule, viz : that weight is to be resisted by the pressure of face 
upon face, and the chief object of mortar is to fill up crevices and. 
irregularities, and distribute uniformly the load over the surfaces in 
contact. Consequently, in concrete, no more mortar should be used 
than will properly fill up the interspaces of gravel and stone. This ap- 
plies more particularly to foundations, as in thin slope lining, a cement 
face is not as objectionable. A certain proportion of screened gravel, 
with the basis of broken stone, is an improvement in filling up more 
completely the openings. In an extensive use of concrete at the 
]~rooklyn Navy Yard, five parts of broken stone, with two of gravel, 
made, when properly added to the mortar, a very solid mass. 

B r i e k - w o r k . - - T h e  first care in brick masonry is that of proper se- 
lection. -Very little attention is paid to the process of manufacture a~ 
the yards, which is open to objection as to the material and the burning. 
i f  the clay is charged with an eftlorescent salt, which will appear after 
the masonry is laid, and frequently spalls off parts of the face, the 
~'ork is injured ; and from the rudeness with which the kilns are built 
and burned, part of the bricks are vitrified and spoiled, part well burn- 
ed, and the rest, half or less than half baked. Until these defects are 
more carefully guarded, as they can and should be, great precaution 
is needed in inspection. The second care is that of mason work. Here 
it is requisite to h~Lve the bricks properly moistened to prever;t the 
effects of too rapid absorption on the mortar, which should be care- 
fully mixed, and laid with close joints. Brick-work is injured for hy- 
draulic purposes, by want of attention to this point, and the joints fail 
after short exposure, with a bad effect on appearance, tightness, and 
durability. With proper attention, however, in selection and construc- 
tion, a eompar~tively light brick wall can be made much more tight, 
with much more symmetrical and ornamental appearance, than rubble 
work. 

In face work of structures, there is considerable range of cost and 
ornament, in the use of pressed bricks and close pu t ty  joints. In work 
which requires the use of arches to sustain weight, or for appearance 
sake, the use of moulded arch bricks, or for plainer work, of alternate 
"headers  " and " stretchers," ought to be maintained, since a " row-  
lock"  arch has neither beauty nor strength ; and in all eases where 
the stability of the arch is important, the centres should be struck as 
soon as the keys are driven home, to bring each member to its bear- 
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ing, and expose any weak points before the backing is carried up to 
any height. 

Stone Masonry.--For ordinary rubble work, in which ~bank" stone 
or quarry stone are used, the least thickness w'hich can be conveniently 
worked is about sixteen inches on slope lining. In point of quality, as 
a general rule, the former, having come down to us through the ac- 
tion ol ~ floods and time exposure, as water-worn boulders, are to be 
preferred, although defective boulders as well as defective quarry 
stone are not uncommon. This is a matter of inspection, selection~ 
and relative cost, in special localities~ certain classes of quarried stone 
being, of course, unexceptionable. 

The objection to the use of rubble masonry lies partly as to its 
rough appearance, and partly as to the difficulty of teaching masons 
to make close and solid work, the craft being, as a rule, strongly dis- 
posed to work with wet and soft mortar, and to neglect the proper use 
of spalls, whence follow, in too many instances, the usual building and 
wall settlements and fissures ; for if the walls were themselves solidly 
jointed, the foundations, with ordinary care, would be more evenly 
pressed. This assumes, of course, the use of due precaution in founda- 
tions, for a broad and uniform bearing, fully guarded against the con- 
tingency of water threads, by puddling or concrete, with sheet piling~ 
as the special case may require. 

The use of dry stone walls, in rubble work, for reservoir slopes, is 
unequivocally condemned, the mass of testimony against them being 
conclusive, with the ordinary thicknesses in practice. Nor is their 
economy in first cost a matter of very positive demonstration. Their 
beds are continually exposed to undermining by rain wash while build- 
lug, and to wave wash while in use, and the walls to injurious effects 
from frost and otherwise. 

:For other kinds of stone masonry, which pertain rather to super- 
structure, we need only refer to well known principles and methods in 
use~ without special designation. The same principle of j ointing and 
construction controls them. 

~or is this brief memorandum intended to cover all the points to be 
considered in these parts of reservoir workmanship, but rather as allu- 
sions to certain details in method, which are :sometimes overlooked~ 
and which tend to produce and insure desirable results without much 
additional cost. A few words also, in reference to general plan of 
structure, will conclude this branch of our subject. 

1)ivision Walls.--For purposes of cleansing, repair, subsidence, 
~eration, circulation, and their attendant benefits, and for reduction of 
areas exposed to surface waves~ it is always desirable to build reser- 
voirs with one or more division walls. :No reservoir can be considered 
complete with less than one, and with water which requires much care, 
the number may be increased with great advantage. The several divi- 
sions of the Fairmount Reservoirs at Philadelphia, may be instanced 
as an evidence of the manner in which impure river water may be 
much improved 7 and a recent report on the Delaware Reservoir at the  

2, 
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same city, shows that the deposit is about one inch per month, as a 
comment on subsidence and surface supply. I t  is customary in some 
instances to build these division walls below the ordinary flow line ; 
but while this may accomplish a certain use of surface supply, it is 
open to the objection of exposed area, which becomes serious in the 
case of large sheets of water. The heads of these submerged walls are 
also subject to the action of breakers, in a different manner from that 
due to slope wash. 

Connecting Weirs are therefore preferab]e, arranged with a gate 
pier, and with gates which open downwards from the surface in alter- 
nate positions, for a given depth. Pipes may be built across the foot 
of the division wall for bottom draim~ge at any time. With weirs of 
this kind, which are readily built, and which can be managed at wilt, 
a very complete and desirable control may be had over the contents of 
the separate divisions, and a positive supply of the purest water se- 
cured. 

Gate Houses may be also arranged so as to secure the general prin- 
ciples of action discussed. :For gravitation supplies, tile influent cham- 
ber may be arranged for the top bank, with suitable descending chan- 
nels; but for pumping supplies, it should permit an accommodation, 
by a proper gate pier, of the engine load either to the ttow line head 
or that of the actual reservoir level. By this means, if the engine be 
properly designed and managed, in many cases a very important 
saving may be made in annual cost of pumping. 

For effluent chambers, it may be assumed as a rule, that the gate 
piers should be so arranged as to take only a surface supply at all 
times for domestic and public use, and to waste occasionally the bot- 
tom strata by suitable blow-offs. Too much importance cannot be at- 
tached to this law, which involves the comfort and health of the con- 
sumers to no small extent, and the reputation of the supply. 

])epth of Water is also important in preventing solar action on its 
contents. I t  seems to be the European experience that less than ten 
feet is always objectionable, and it will be observed from our preceding 
papers that twice this depth is the common American standard. I f  this 
consideration obtains with distributing reservoirs, it should be urged 
~vith greater force on all fountain or supply reservoirs, which are 
generally natural lakes, of great area and shallow depth, constantly 
subject to impregnation by vegetable and other organic matter, and all 
the results of fermentation. Especially is it objectionable that supply 
reservoirs should contain a large disproportion of contents to daily 
supply, unless prompt and efficient means of mration, cireulation~ and 
bottom waste are provided. 

These general and rapid suggestions are made, not as a professional 
dictum, but as the results of experimental science in a direction which 
needs yet  more enlarged observation and trial. Water works with us 
are yet in their infancy, in an important sense, and are exceptions 
throughout the country, rather than a general rule, and several of our 



On .Railwag Aeeide'~¢ts. 19 

most prominent supplies already warn their eonsnmers of the neces- 
sity of early steps for an entire reconstruction and enlargement. Dis- 
cussions of this kind are therefore desir~flde, and the best results of 
experience ought to be embodied in general rules ,if practice, shnilar 
in method, if not in detail, to those presented for consideration. 

( T o  be Cont inued . )  

On J~ailway Accidents--their C~uses and .~[eat~s Of .Prevention ; 
showing t]~e bearing w]~ieh existing legislation Las v2;on t]~em. J3y 
l~ir. JAMES ]~RUNLEES, M. Inst. C. E. 

]~'rom Newton's L(mdon Journal, ]iay, 1862. 

The author proposed to treat the subject by dealing with the facts 
as they were, the causes of accidents being, in nearly all cases, suffi- 
ciently apparent;  he would not therefore attempt, by theory, to esta- 
blish rules for their prevention. From the reports of' the officers of the 
~Board of Trade it appeared that, during the seven years from 1854 to 
1860, the number of accidents amounted to 540, as the result of 1274 
distinct causes. Of these accidents, 11 per cent. were attributed to 
the permanent way, 7 per cent. to the rolling stock, and 76 per cent. 
to the management, including insufficient means for scct~'ing safety~ 
leaving only 6 per cent. as not ascertained. 

The accidents due to the permanent way were then referred to in 
detail, and it appeared that the general defects wore most evident in 
the system of ballasting, of joint-fishing, of turning the rails, and of 
fastening the chairs to the sleepers. With regard to the ballast, it 
was argued that it would be found economical to hal~e at least 6 ins. 
or 9 ins. of rough gravel or broken stone, as a free draining bed to the 
sleepers and to the " top-dressing ;" and that, during the months of 
September and October, an extra number of men should be 'employed 
to drain the ballast and beat up the road, in order that it might become 
consolidated before the winter's rains and frosts set in, and thus avoid 
the evil effects of frost on wet ballast. I t  was urged that the plan, 
now in general use, of placing the fish-joint between two sleepers, was 
objectionable, as the ends of the rails were unsupported except by the 
fish-plates, which together were frequently only equal to two-thirds of 
the section of the rail. I t  was submitted that all the joints should be 
fished directly over a sleeper, or that a bracket chair should be used. 
The practice of turning the rails was condemned, because when a rail 
was so much worn as to require turning, its strength was generally so 
reduced as to render it unfit for main line traffic. With regard to the 
fastenings of the chairs to the sleepers, it was urged that it was desi- 
rable that iron .spikes only should be employed on the outer side of 
curves, or else that the chair should be partially sunk into the sleeper, 
to lessen the strain on the treenail. The superior economy ~f steeled, 
or partially steeled, rails~ points, and crossings~ was also incidentally 
noticed. 

In reference to the accidents which had arisen from defective or 
neglected rolling stock~ it was found that many of the fractures had 


